The density of electron states, p(E), in disordered systems in the band-tail region near band edges is investigated. %'e show that the p(E) of the Halperin and Lax type derived by Sa-yakanit predicts, in three dimensions, an exponential (Urbach) band tail for the correlation lengths found in amorphous Si and within the energy range observed in optical absorption near band edges. The simple exponential behavior is not universal and may not, for example, be observed in heavily doped semi-conductors.
I. INTRODUCTION
The density of states, p(E), of a particle in a highly disordered material is a property of continuing interest' in condensed matter physics. The particle may, for example, be an electron interacting with charged centers which are randomly located. The centers could be host atoms in an amorphous material, impurity ions randomly located in a heavily doped semiconductor or ions in a pure crystal with disorder created by thermal vibration. When the disorder is large, the edges of the allowed energy bands develop band tails reaching into the energy gaps. Indirect evidence from optical absorption near band edges in amorphous silicon (three dimensions) suggests that these band tails are of the following form:
p( E) cc exp( E" /Eo)-with n =1 (the Urbach tail) where E is measured away from the band edge, Eb. Specifically, measurements of the optical-absorption coefficient ct(E) in amorphous silicon (a-Si) both pure and doped with hydrogen (a-SiH, ) can be fitted to the form6
a(E) =aoexp[(E -E, )/Eo]
for energies E just below the absorption edge (the Urbach edge). In Fig. 1 we reproduce an example where (2) fits strikingly well; the a observed in a-SiH, by Abeles et al. In Fig. 1 , Eq. (2) fits a over three orders and over an energy range 1.5&E&1. 8 eV. Equation (2) also fits a obtained in a-SiH"having both thermal and structural disorder but over a narrower range; one order in a and typically 1.6&E& 1.8 eV. Fits of (2) With g-I eV we obtain Eo-(9/V 3) '-0. 06 Fig. 2 . In this range of v, n varies from n =1 to 1.2 for the screened Coulomb potential and from 0.7 to 0.9 for a Gaussian potential. Neither of these potentials describe the correlations in amorphous materials (which have short-range components) precisely. However, the aim is to illustrate that in the observed energy range n =1 is expected for reasonable potentials. The deviations from n =1 are also in the direction of n smaller at high E and n larger at low E which is consistent with the deviations observed in the experiment shown in Fig. 1 .
Equation (10) is plotted in Fig. 2 
